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Abstract: In this study, a boiling water reactor (BWR) core modeling was performed using the Monte Carlo mathematical modelling
(MCNPX-2.7.0 code and ENDF/B-VII library). In the modeling, an 8x8 square lattice was designed for the reactor core. In the designed
square lattice; 0.65-0.7-0.75% NpO2 and NpF4 were used as fuel rod, Zr-2 and SiC for fuel cladding, water as coolant and B4C as
control rod. In this study, neutron flux, fission energy and heating neutronic values were calculated for the selected fuel and clad in the
designed BWR.
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1 Introduction

Today, all of the energy obtained with reactors is provided by fission reactors. However, nuclear waste dropped from
reactors while generating energy has become a major problem. Hiding of nuclear wastes in geological storage areas has
been a way to date. However, considering the amount of waste left in tons of waste from existing reactors every year, it is
thought that the idea of storing waste in storage areas is not a good solution. For this reason, theoretical studies on the
reuse of wastes in order to reduce the amount of waste have gained momentum in recent years.

Nuclear waste from a reactor; uranium, plutonium, minor actinides (Np, Am, Cm) and fission products. Since minor
actinides among these wastes have high power and radioxide effect, if they are used as fuel in the reactor, both energy
production will be provided and the amount of waste will be reduced [1,2]. For this reason, in this study, a BWR was
designed and Np mixed fuel (NpO2 and NpF4) was used in the fuel rods of the design to reduce the amount of minor
actinide and to generate energy.

2 Materials and Methods

The reactor core designed in this study; it is cylindrical with a radius of 264.08 cm and a height of 365.76 cm. In the study,
5 cm thick SS316LN ferritic steel was used as a reflector and B4C as a control rod. Figure 1 shows the square lattice in the
designed BWR. The reactor core was placed in an 8x8 square lattice, each 30.48 cm wide, and a 7x7 small square lattice,
each 1.94084 cm wide, in each square latice.

Figure 2 shows the cell geometry in the small square lattice. In Figure 2, 0.65-0.75% NpO2 and NpF4 fuel rod radius is
0.60579 cm, gap width is 0.01524 cm, Zr-2 and SiC clad radius is 0.71501 cm.
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Fig. 1: Square lattice at the designed BWR.

Fig. 2: Cell geometry.

In this study, Monte Carlo method was used for 3D BWR design. Monte Carlo method is a method of simulating an event
numerically. MCNP is a general code that solves the time-dependent continuous energy transport (transport) of neutrons,
photons and electrons in three-dimensional geometry. MCNP is a code that includes Monte Carlo simulation and a number
of models, including physics and mathematics subjects with nuclear properties. MCNP code can be applied quite well in
modeling complex particle migration, it uses continuous cross section data. When the codes that are successful in low
energy radiation transport with the MCNP code in nuclear engineering and the codes that are successful in high energy
radiation transport with the LAHET (Los Alamos High Energy Transport) code, the particles are transported at almost all
energies. In the improved system, MCNP and LAHET codes were combined and MCNPX got its new code name. With
its developed MCNPX code, it enables the calculation of radiation transport in high energy application areas in nuclear
engineering [3-5]. In this study was used the code MCNPX-2.7.0, which is the latest version of MCNPX.

3 Results

In this study, neutron flux, fission energy and heating values were calculated for 0.65-0.7-0.75% NpO2 and NpF4 fuels,
Zr-2 and SiC cladding materials.

Figure 3-5 shows neutron flux, fission energy, heating, for NpO2 and NpF4 fuels and Zr-2 and SiC cladding materials. As
can be seen from Figure 3-5, neutron flux, fission energy, heating increase in both Zr-2 and SiC cladding materials, as

© 2021 BISKA Bilisim Technology



NTMSCI 9 Special Issue, No. 1, 62-66 (2021) / www.ntmsci.com 64

fuel ratios increase. The highest neutron flux, fission energy and heating were obtained from 0.75% NpO2 fuel and SiC
clad, and the lowest neutron flux, fission energy and heating from 0.65% NpF4 fuel and Zr-2 clad.

Fig. 3: The neutron flux for Zr-2 and SiC clads, the fuel components NpO2 and NpF4.

4 Conclusion

In this study, three-dimensional BWR design was made using MCNPX-2.7.0 Monte Carlo code and ENDF/B-VII
library. Neutron flux, fission energy and heating neutronic values were calculated using 0.65-0.7-0.75% NpO2 and NpF4

fuels as fuel and Zr-2 and SiC clads as cladding material in the reactor core design.

Since SiC’s thermal neutron cross section (0.12 barn) is less than Zr-2 (0.18 barn) [6], more thermal neutron contributed
to neutronic calculations when SiC was used. As a result, when 0.75% NpO2 fuel and SiC cladding material were used,
neutron flux, fission energy and heating neutronic values were higher than other fuel and cladding materials.
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Fig. 4: The fission energy for Zr-2 and SiC clads, the fuel components NpO2 and NpF4

Fig. 5: The heating values for Zr-2 and SiC clads, the fuel components NpO2 and NpF4
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